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The seasonal climate-re

Trends to warmer winter/spring reduced snowpack
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Western trout assessment
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Simulation periods

Driving AOGCM

North
America
50 km

West
15 km

NCEP Reanalysis

MPI ECHAMS (20C, A2)

GFDL CM2.0 (20C, A2)

GENMOM (A2)

e Output stored at 3- and 6-hr time steps
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science for a changing world -

Regional Climate Downscaling

Visualization  Data Teaching Exar
Regional Climate Downscaling

Home  Dynamical iing ~ V o ching Examples

« Nows Visualization
Dynamical Downscaling

« Statistical Downscaling = Home
= Visualization We are currently providing web-based tools to visualize and download th = tovs Teaching Examples . . . .

» RV averages of the surface variables from the Dynamical Downscaling proje = Srmenin Do Dynamically Downscaled Climate Simulations over

* RCD ; S s e ot ok o 40 intsrrogate anid vl s North America: Methods, Evaluation, and Supportin
e b visualization tools are available that allow users to interrogate and evalual = Visuslization Introductory Examples ca: 3 B pp 1]
» Teaching Examples provide averages and aggregates of a few selected variables in the data = Data Access Documematmn for USE!S
« Publications and Use vaniety of spatially delineated polygons including states and counties and » Teaching Examples

The Regional Climate Change Viewer (RCCV) allows a user o view, downioa

« FAQ unit codes (HUC2 through HUCS). The third web-based tool can be usex = Climatology 104

manipulate climate model data for a region of interest over a given time period]

and download all vaniables in the data sets. The user e

nment integr

« Climatology 301 application was designed with all user levels in mind, and can be used to pro

€ software packages into one tool. The tool is relatively advanced and reqt

on the websi

« Climatology 401 assessment of climate given just the 1 or a more complex|

= November 2012 Update and experimentation by users to become familiar with the wide range of = Climatology 501 using downloaded data for multiple climate models, multiple variables, and ow
= Fobruary 2012 Update settings that are included * Publications and Use sime periods
= Data Release « FAQ
Regional Climate Change Viewer This tutorial will provide a guide to using the RCCV to understand how the clin
change in “your county”. You will leam how to: 1) view the data in which you z
= RSS News Feed States/Counties Hydrology » Havember 2012 Update interested, 2) interpret the data and trends, and 3) compare those data betwe 1

= February 2012 Update

and with other time periods. The tutorial is broken into three sections, given y

Data Release

experience level and your intended use of the data. The data used in the RC!

g

application should be considered an estimate and shouid not be used in r

Ne— planning, or policy documents (see the FAQ) v ‘;: ‘E ‘ . ‘: S ‘g
. Y

Choose from the three tutorials below to get started s W § ; .
LUSR WO ‘\ ‘\ \\ ‘\
4 }

Climatology 101 - Perform basic climate data analysis

Tt T Climatology 201 — Download climate data and manipulate using a spreadshe] - L "

(Prior knowledge of Microsoft Excel, or similar, is recommended.)

Climatology 301 — Download multiple climate data sets and manipulate, com i

analyze using a spreadsheet software. (Prior knowledge of Microsoft Excel, — —
recommended.)

Open-File Report 2011-1238

Advanced Examples

us. of the Interior
USS. Geological Survey

Collaborations New web-app release 11/8/2012

« 3 NCCWSC projects (federal, state,
universities)

« Center for Integrated Data Analytics
(CIDA)

 BLM Rapid Ecosystem Assessments

« USFWS, USDAFS, NOAA, GNLCC,
CSCs, WSC

Daily data
Diagnostic plots
New data sets
436,367 files
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Select and download netCDF via RCD

ZUSGS

science for a changing world ” e o Vi Sockmas Pt W, ol
i i o
Regional Climate Downscaling e YR L Ansom Tamperatrs
[T —
Dynamical Downscaling ~ Visualization ~ Data Access e s s [—— Lomg e . E A pes)
4RO Pt g3 Pt o
& unber .. Lanbet_Contera Variable “TA x
(Bioa) ¢ =
Regional Climate Downloader =
[ view [ Download -
125,693, 50.111| Seenario
=
Time Interval
Wonthly -
Domain 3
Pacific Northwest ~
Model L
WPI ECHAMS - Ansom Temperature (C)
o I e T R T R v
[J Aneom Specific Humidity L& 130001, = 2
0NN [ Aneom Temperature |- . Amvie)  Seme  Commavecmn i  tsmar
[] Avg MaxAneom Temperature H S S — Vi r=—=rr [
[] Avg Min Aneom Temperature C e e
[[] BATS surface type codes L
[ Convection 1
[] Convection2
(] Convective Precipitation
[ Cooling Deg Days Base 22C
; ; S [] Downward Longwave
—_ e G SET Th¥s z o L
USG [ usGS Dynamical Downscaled Regional Climate - V1.0 = vl
Publisher: U S. Geological Survey SelectAll UnselectAl
Summary: We have completed an array of high-resolution simulations of present | _| Time Range
and future climate over Western North America (WNA) and Eastern North America 1968116 +] - [200912-16
(ENA) by dynamically downscaling global climate simulations using a regional alis Al =
climate model, RegChI3. The simulations are intended to provide long time series | | Subset extent
of internally consistent surface and atmospheric variables for use in climate- ——
related research. In addition to providing high-resolution weather and climate data Subsetbvexanty) |ssCloay
for the past, present, and future, we have developed an integrated data flow and
methodology for processing, summarizing, viewing, and delivering the climate

Open in larger window
View Tutorial

RCD Requires Flash Player 10.2

« ftp
« USGS CIDA Geo Data Portal (shape files)



Seasonal controls of salmonid life cycles
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Wildfire climatology in the Pacific NW

July air temperature composite anomalies

1985-2004 2020-2029 2040-2049 2060-2069 2080-2089

High fire
years

Top Third

Middle Third

Low fire
years

Bottom Third
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The Transboundary Flathead — A Native Species Stronghold
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Photo by Kiser, GNP Archives
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J. Sartore

* 58% Loss of FMO

* 36% Loss of SR

Exceedence of Thermal
Thresholds

aUSGS

science for a changing world

2059 Simulation
+3.3°C




2099 Simulation

J. Sartore

* 86% Loss of FMO

* 76% Loss of SR

Exceedence of Thermal
Thresholds

< USGS

science for a changing world
Jones et. al. (In press)




Retrospective analysis of hybridization

2007 Stream Temperature

1978

| 1>1% RBT Introgression ® <9.0 Celsius
@® >9.0 Celsius

Westslope Cutthroat Trout

Hybridization
Recent Fire 1999-2008
—— <1.0 % RBT Introgression

Hybrids have greater straying rates (goyer et al. 2008)
Spreading via continent island and stepping stone invasion (Muhlfeld et al. 2009)
Hybridization is greater in warm, degraded streams (Muhlfeld et al. 2009 TAFS)



Boise River historical climate changes

30% burned from 1992 2008
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Changes in Rainbow Trout Habitat
(1993-2006)

No net gain/loss in habitat
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Bl No change

Isaak et al. 2010. Ecol. Apps. 20:1350-1371



Potential habitat loss of up to 63% by 2056

R, 2002-2011 B, +2°C Stream

-Suitable
[ ] Unsuitable




Yellowstone Cutthroat Trout

114°00" W N2°00'W N0°00'W 108°00W 106°00W
46°0'0'N oo
44°0'0'N L 44°0'0"N
—— Current distribution F42°0'0"N
—— Historic distribution
114°0'0"W 112°0'0"W 110°0'0"W 108°0'0"W

Al-Chokhachy et al., submitted

science for a changing world



Yellowstone cutthro‘at trout

landsca pes &S
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Similar stres*sors
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- Two maJor river systems
. Snake and Yellowstone




Stream temperature regression model
(May-Sep. daily 556,411 air and 152,539 stream temperatures)

Reconstructed 20" century May-Sep stream temperature

1900 - 1909 1910 - 1919 1920 — 1929 1930 - 1939
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RegCM3 2050-2059 changes

MPI ECHAM5 GENMOM GFDL CM2.0
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Change in YCT growth potential

MJJAS Total

« High elevation gains offset low
elevation losses

« Sympatric populations YCT and
RBT winners and losers

« Connectivity will be increasingly
critical?

Change Growth

-120 -90 -60 -30 0 30 60 90 120
2.5 T T T T 2.5 T T T T 25 T T T T
2.0 / N 20 2.0 .
< 1.5 1 151 1.5
g 1.0 4 10f 1.0
Sosl 4 o5f 05
310 200 139
0.0 I | 1 | Upper Greys Aver | 00 1 Upper Yellowstone aver | 00T | Usper Raft River(Goose Creek Mountains |
2.9 T T T T 25 T T T T 2.5 T T T T
20 20 4 20 7v
< 155 -1 15 -1 15 =
810 4 10F 4 10F .
2 Q5 -1 05 1 05 ]
= Growth 1980-1999 321 303 322
0.0 I —GrO\l/vth 205?_2069 | Lower Greys e | 00T | | Lower Yelowsione aver | 00T | Lower Ralt River/Goose Cresk Mountaing |

May  Jun Jul Aug Sep Oct May Jun Jul Aug Sep Oct May Jun Jul Aug Sep  Oct
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Question

=" What are the effects of climate change and
fragmentation on persistence of populations?

Prediction

=Populations at lower latitudes and elevations, and

those in shorter fragments will be less Ilkely to persist
G DL

;@&‘ﬁh, _—_—

: .«=U5(;s Wl e G R s TAR L Roberts efial indevision

Sl N N




Bayesian‘Network: Predicting CRCT

persistence

Maximum Stream
Temperature-MWMT

Warmest 30-day
Temperature-M30AT

*Time horizon
- 2040 and 2080

Stream fragment
length
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(genetic risks)
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Population
persistence
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Bottom Line.....CRCT

L

Risk from warming is low: Already restrlcted to hlgh
cold streams by invasions

62% of CRCT populations at risk: Due to sma}s
fragment size N , \

S N 3

Opportunities for conservatuon Jncrease fragment
length ~

S [/
e
p—

Future work |
— modeling change in fragment length versus risks
— climate change, mountain lakes

-



Vulnerability of the Rio Grande CutthroatTrout
to Climate Change T —

Srhall 00 ]
» Warming
Disturba

ZUSGS

scionce for a changing world Rio Grande cutthroat trout from Prong Creek, Sag.uagug C%



Climate-influenced stochastic variables
Medano Creek, CO fire (2010)

RGCT Density at Station #6
2004: 460 fish / mile
2005: 481 fish / mile
2008: 457 fish / mile
2011: 191 fish / mile

Electrofishing data courtesy of Colorado Division of Parks and Wildlife
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Drought Index for the Rio Grande
Headwaters (September)
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Data obtained from NOAA Website
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How do we use all this stuff?
Bringing it all together...

Decision space and uncertainty /
* Prediction error, complexity, non-stationarity B | | |

| ";"I"”” ............
Linking data to a decision framework N
* Bayesian network (BN) approach |’ ; 41\\
= —~ | (0 R e s

Peterson et al., in press,
Fisheries



West slope cutthroat persistence probability

A. Historical- no brook trout B.20408- np BroBic Ot . s

Total Habitat Length o ‘ Occurrence Probability

P <5km 0-20%

[ 5-10km A 20-40%
10 - 20 km ~ 40-60%

| 20 - 40 km AN 60-80%

T s 40km AN~ 80-100%

Peterson et al., in press,
Fisheries
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. Workshops

UM"E& ing and Adapting;l',o,eﬁmate Changein Aquatic Ecosystems at
Landscapg and Ri er-B‘ef’s’ih Scales: A decision suﬁbort workshop for
integrating research and management :

~

Workshop hosted by/the U.S. Forest Service-Rocky Mountain Resea‘igh‘;\

Station, with co- sponsorshlp from the U.S. Geglogical Surve: ut 3/ ;‘
Unlimited, and the Grea; Nonthern Land Conserv%ti’ ) V

T
PR ALY

Workshop goals were to gathe erse grdup of [e rchgrs&\d el \

management professionals to focu,g on three d‘Ejectlves o &%@‘E
__l ,,’ \ 3 g «W -‘&’ ?\ e R ¢ s & -:.:1.

I

1) sharlng current information regardmg the effec s _{E]lma’t‘e apgeon - &
aquatic ecos%tems A .,
P T - g e e .

: 7 / ¢ 7
2) presenting anaIy5|s tools tha,t, 0 sfmanagers in addressi-h‘gaﬂimate

change, and ,

' f\j P T e [
3) discussing manaM implicationsief climate change, the utility of ...~
existing tools, and future information & anaIyS|s '
o .y ﬁr’
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NorWeST: A Regional Stream

Temperature Database & Model for High-
Resolution Climate Vulnerability Assessments

Dan Isaak, Seth Wenger', Erin Peterson?, Jay Ver Hoef3 Charlie Luce,
Steve Hostetler4, Jason Dunham#4, Jeff Kershner4, Brett Roper, Dave
Nagel, Dona Horan, Gwynne Chandler, Sharon Parkes, Sherry Wollrab

Jan-Dec Global Mean Temperature over Land & Ocean

U.S. Forest Service

Trout Unlimited 2 e

2CSIRO ; mulllllumﬂml|i|i|niHil"i|"“"i”'“ i
s 2

3NOAA 5 ol
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sclence for a changing wo rld'

\ LANDSCAPE CONSERVATION COOPERATIVE




N OrWeST 45,000,000+ hourly records

15,000+ unique stream sites

Stealth Sensor $10,000,000 value

Network $100,000 project cost




More Precise Bioclimatic Assessments
2USGS

science for a changing world
Forest and Rangeland Ecosystem Scien

Range -wide cllmate vulnerability
assessment for bull trou” ~
conterminous United ¢

“Butjudging by ar
alive and healthy i

Dunham et al., In prep.

Y (=

1 Rieman et aI 2007

“Judging by ene criterion,
itis Extinctl”

Gg‘{

T T

Climate Change Risk

: Risk o lallo
Wenger et al. 2011. PNAS. Siowe | Williams et all 2009




Future research: climate change, mountain
lakes, and cutthroat trout

la) Satellite-hindcast
lake temperatures

1b) Climate model
projected lake
temperatures

1c) Cutthroat trout
eco-physiological
metrics

1) Predict past/future
lake temperatures
and the ecological
consequences of

climate change.

2a) Cutthroat
movement within
lake/stream network

2b) Movement
phenology model

3) Create a Bayesian network (BN)
model for native trout conservation
decision support

2) Determine the
potential for mountain
lake-stream networks to
serve as refuges from
climate change impacts

Roberts et al., 2012



Climate change, mountain lakes, & cutthroat

M1 PIT antenna (paired)
@ Thermograph

5 Thermistor string
(A,B,C) Habitat types

Thermal changes
Fish movement

Perform
modeling and
field research

2 lake-stream
networks

— Thermographs
— PIT tag antennas
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Near-term stream temperature guidance

RegCM3 simulations SNOTEL, flow forecasts + observations

May, 7012 St

Mountain Snowpack
as of May 1, 2012

Spring and Summer
Sirsamfiow Forecests
as of May 1, 2012

Acarage = 15500

May Snow Water Equivalant July Air Temperature
NCEP 2012-2012 minus 1986-2000  NCEP 2012-2012 minus 1986-2000

! L D EEE———
-100 -75 -50 -25 -10 0 10 25 50 75 100 mm -4.0 -3.0 -25-1.0-05 00 05 1.0 20 30 40 C

average = 18700

CRGo" 10£y Qjiiack Toater U T (T, Q NWS 7-day forecast

GESX MOS FORECASTS

Shields River nr Lrvmqslon MT
Stream/Air temperature record Observed vs modeled stream temperature KBZN GFSX MOS GUIDANCE 10/15/2012 0000 UTC
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New data sets

zU

science for a changing world

Regional Climate Downscaling

caling

Regional Climate Downloader

View | Download
4539, 25,358 Scenario

(A2 Emission Scenario [~

Torprts
4 . Boston
uNITED e e L oNew York

SF ancisco s Phiadeiphis Washington bl

: At
) os Angeles g =
[-]
Color Palette
[ Rainbow (Purlpe/Red) [~]
| -
] 123

CIG Northem US Rockies an

global climate si using a regional

(ENA) by

climate model, RegCM3. The simulations are intended to provide long time series
of intemally consistent surface and atmospheric variables for use in climate-
related research. In addition to providing high-resolution weather and climate data
for the past, present, and future, we have developed an integrated data flow and
methodology for processing, summarizing, viewing, and delivering the climate

Open in larger window
View Tutorial

RCD Requires Flash Player 10.2

* WNA 30-arcsec bioclimatic
« Climate analogues

Global paleoclimate
Regional paleoclimate

| e

Model

Variable :

Country

| [cosms

[](

[~] BE [United states

August

Change in August Temperature (C) 2050-2075 vs 1980-2005

-1 0 1 2 3 4 5 6 7 8 9 10 1" 12
Temperature by Month Change in August Temperature Histogram for all Models
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2
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A
10
4 o Ll )il | RS
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oUa 3 2 4 0 1 2 3 & 5 6 7 GI8
B sz [ o0z Jemperature (C)
IMumh‘ Model : Variable : Country ©
|[(AnnuaiMean [~ ] [ccsme =] [ nited States

Jan

Feb  Mar

Model Name

Model Institution

Mean Model
ACCESS1.3

ACCESS1-0

bee-csm1-1-m

bec-csm1-1

BNU-ESM
‘CanESM2

CSIRO (Commonwealth Scientific and Industrial Research
Organisation, Australiz), and BOM (Bureau of Meteorology,
Australia)

CSIRO (Commenwealth Scientific and Industrial Research
Organisation, Australia), and BOM (Bureau of Meteorology,
Australia)

Beijing Climate Center(8CC),China Matecrological
Administration,China

Beijing Climate Center(BCC),China Metesrological
Administration,China

GCESS,BNU,Beiing,China

CCCma (Canadian Centre for Glimate Modelling and Analysis,
Victoria, BG, Canada)

CCSM4

NCAR (National Center for Atmospheric Research) Boulder, CO,
usa

‘CESM1-BGC

GFDL-CM3
GISS-E2-R

NSF/DOE NCAR (National Genter for Atmospheric Research)
Boulder, CO, USA

NOAA GFDL(201 Forrestal Rd, Princeton, NJ, 08540)

NASAJ/GISS (Geddard Institute for Space Studies) New York, NY

Apr May

W 1002008

Jun

dul

1 zusoa07s

Aug Sep Oct Nov Dec

Temperature (°C)







